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WESSEL: CODE FOR NUMERICAL SIMULATION OF TWO-DIMENSIONAL TIME-

DEPENDENT WIDTH-AVERAGED FLOWS WITH ARBITRARY BOUNDARIES

PART I: INTRODUCTION

1. The code WESSEL solves the two momentum equations, the energy

equation, and the continuity equation on a two-dimensional field with

boundaries of arbitrary shape, including multiple inlets, outlets, and

obstacles. The basis of this numerical solution is a boundary-fitted

curvilinear coordinate system that allows all computation to be done on ",:

a rectangular field with a square grid in the transformed plane, regard-

less of the boundary shape and configuration in the physical plane.

2. The finite difference solution is done in finite volume formula-

tion, as discussed in detail in Thompson and Bernard (1985). The solu-

tion is implicit in time, with all the difference equations being solved

simultaneously by SOR iteration at each time step. The code reads the

boundary-fitted coordinate system from the output of the coordinate code

WESCOR, described In Thompson (1983). The input allows any portions of

the boundary (external or obstacles) to be designated as inlets, out-

lets, no-slip surfaces, or slip surfaces. Arbitrary specification of

the variables on inlets and outlets is allowed. The output is in the

form of field arrays and plots (Figure 1) of the velocity components,

pressure, and temperature. All computation is done in metric units, but

the input and output units may be specified otherwise. Appendixes A, B,

and C contain input instructions for the hydrodynamic code (WESSEL), the

contour plot code (CONTUR), and the vector plot code (VECTOR), respec-

tively. Sample runstreams (input) are given in Appendix D.
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Figure 1. Sample output
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PART II: CONFIGURATIONS

Computational Field

3. The computational field, i.e., the transformed region, is com-

posed of contiguous rectangular blocks with a uniform square grid over

the entire field, where the independent variables are the curvilinear

coordinates (F,n)* designated in the code as the integers (I,J). As

noted in Thompson and Bernard (1985), the increments, AE and An , are

irrelevant since they cancel out of the difference equations, and hence

are made unity for convenience. The extent of E and n on the compu-

tational field is from 1 to IMAX and JMAX, respectively. The dimensions

--* of the field arrays are (O:IDIM,O:JDIM). All field arrays are extended .

one line beyond the computational field for convenience. Thus, the max-

imum values of IMAX and JMAX allowed are IDIM-1 and JDIM-1, respectively.

"1" 4. The coordinate system is generated with twice as many points in

each direction as are used for the flow solution. Therefore, the coordi-

nate arrays are dimensioned (O:ICIM,O:JCIM), where ICIM-2*IDIM-2 and

' . JCIM=2*JDIM-2. The point in the coordinate arrays corresponding to the

lield puint (I,J) is thus (Il,JJ), where II=2*1-1 and JJ=2*J-1. This

correspondence is indicated in Figure 2.

- -- -.- -

0: solution points

Figure 2. Diagram of the general field

*For ronvenience, symbols are listed and defined in the NotationK (Appendix E).
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Point Classification

5. This code is applicable to a wide variety of configurations

including multiple inlets, outlets, and obstacles, with all boundaries

being of arbitrary shape. in order to achieve this versatility, it is

necessary that the points be classified as to location on the various

" types of boundaries, in the free field or out of the computation region.

This classification is done by associating a different name with each

type of point as follows:

6. Points not on boundaries.

" FIELD: field point (not on a boundary)

iLi

- OUT: point totally -ut of the computation region, i.e., inside .

an obstacle or beyond the outer boundary of the flow

field

or

7. Boundary points not on corners.

WALB0T: point on a lower field boundary with no-slip

.- or E-

WALT0P: point on a top field boundary with no-slip

or

S8
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WALLEF: point on a left field boundary with no-sli

WALRIT: point on a right field boundary with no-slip

W or

With the "WAL" in the above replaced by "SLI," the location is the same,-

*but the boundary has slip. Similarly "IN" in place of "WAL" refers to

*inlet, "OUT" to outlet, and "SUR" to free surface.

8. Corner points.

CAVWBL: point on bottom-left concave corner of field with

no-s lip

W o r_

CAVWTL: point on top-left concave corner of field with no-slip

LI or

CAVWTR: point on top-right concave corner of field with

no-s lip

LI~ or [

9
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CAVWBR: point on bottom-right concave corner of field with

no-s lip

~or

VEXWBL: point on bottom-left convex corner of field with

no-s lip

or

VEXWTL: point on top-left convex corner of field with no-slipI___ or

VEXWTR: point on top-right convex corner of field with no-slip

I or_

VEXWBR: point on bottom-right convex corner of field with

no-slip

Q or

With the "W4" in the preceding eight types replaced by "S," the reference

is to a slip boundary.

10
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9. Point notation. Each of the point type names is made an

integer and is assigned a number. Thus 0UT-O, FIELD-25, etc. The types

are also grouped as follows:

WALBOT=1 CAVWBL-5

WALLEF=2 CAVWTL-6

WALT0P-3 CAVWTR-7

WALRIT=4 WALL=4 CAVWBR-8 WALCAV-8

VEXWBL=9 SLIBOT=13

VEXWTL=IO SLILEF'=14

VEXWTR=11 SLITOP-15

VEXWBR=12 WALVEX=12 SLIRIT=16 SLIP-16

CAVSBL=17 VEXSBL-21

CAVSTL= 18 VEXSTL-22

CAVSTR=1 9 VEXSTR-23

CAVSBR=20 SLICAV=20 VEXSBR=24 SLIVEX=24

INBOT=26 OUTBOT-30

INLEF-27 OUTLEF-31

INT0P=28 0IJTTOP=32

INRIT=29 INLET-29 OUTRIT-33 OUTLET-33

SURB0T= 34

SURLEF=35

SURTOP=36

SURRIT=37 SURF-37

Then if a point type is >OUT and <WALL, the point must be on one of the

no-slip walls. Similarly, If a point type is > FIELD and <INLET, the

point must be on an inlet, etc.

M V V 0 v 4 N IVM11



:- -" PART III: NOTATION -'""-

10. FORTRAN variables and parameters are identified below, with

the corresponding algebraic quantities in the equations of Thompson and

Bernard (1985) shown in parentheses. The array dimensions are also

given in parentheses for each type of array.

Main flow variable field arrays (O:IDIM,O:JDIM)* L

VELX

, x and y velocity components (u,v)

VELY

PRES: difference between true pressure and hydrostatic

pressure (P)

TEMP: temperature (T)

QWAL: boundary heat transfer (q

Additional flow variable field arrays (O:IDIM,O:JDIM)

n [21 I -2]
AURLD: - stored quantity from pre-

vious time steps for second-order time differencing

t [(Pupn1] stored from previous time step for first-order time

differencing

VR0LD: as UROLD, with u replaced by v

R0LD: as UROLD, with u replaced by 1 and J/At omitted

ER0LD: as UR0LD, with u replaced by energy e

UACC: x-momentum equation acceleration parameter

VACC: y-momemtum equation acceleration parameter

TACC: energy equation acceleration parameter

TYPE: point type

STAT: hydrostatic pressure with constant density RHOREF (PH)

WIDE: width (B)

* This format makes the array dimensions IDIM+1 , JDIM+1

12
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ENGY: energy (e)

[. DIVEL: divergence of velocity (V.u)

CMAS0: mass residual

CMAS: as UR0LD, with u replaced by mass residual, and J

replaced by J2B(JD

Coordinate arrays, (O:ICIM,O:JCIM)

XCOR
cartesian coordinates (x,y)

YC0R

SIDE: point type array LSLIT of the coordinate code WESCOR

Eddy viscosity

CART: artificial viscosity

RICH: Richardson number for turbulent eddy viscosity (Ri)

TURHOR: selector for horizontal turbulent eddy viscosity

TURBUL: turbulence indicator

C0FH0R: specified uniform horizontal turbulent eddy viscosity
(D11 )

- TURVER: selector for vertical turbulent eddy viscosity

'-" C0FVER: specified uniform vertical turbulent eddy viscosity
(D 22)

- Run control parameters-g¢ .,.->

STORIT: first time step to be stored; later, next step to be
stored

START: indicates type of start

ST0INT: interval between stored time steps

ITERS: maximum number of iterations allowed

PARCON: accepts partial convergence

STEPS: number of time steps to be run

STEP: time step number on file

i
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Iteration tolerances

UTOL

VTOL
iteration error tolerances for u ,v ,P ,T

PTOL

TTOL

UN0RM: iteration error norm for x-momentui equation (II~ull)
VNORM: iteration error norm for y-momentum. equation (jjAvIJ

PN0RM: iteration error norm for pressure equation (IIAPII)
TNORM: iteration error norm for energy equation (I IATI I)

(IUNORM,JUN0RM): location of maximum x-momentum iteration error
(substitute VNORM, etc., for other norms)

Indices

D,0D: diagonal and off-diagonal elements of stress and heat
transfer terms

IMAX
field extent

JMAX

(I,J): indices of calculation point

(II,JJ): indices for coordinate arrays corresponding to (1,J)

Solution options

ENEREQ: allows energy equation to be deleted

TIMFAC(TIM0RD,L): coefficients in time-derivative for order
TIM0RD:

__ TMA(IOD fn n-in-
TT MFCTMDf + TIRFAC(TIMORD,2)f + TIMFAC(TIM0RD,3)f -

CAVFAC(CAV0RD,L): coefficients in extrapolation at concave
corners for order CAVORD

2

0s

3 4

f =CAVFAC(CAV0RD,l)*(f 2 + f3  + CAVFAC(CAVORD,2)*(f1 + f)

14
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CONVEC: selector for convective differences

TIMORD: time derivative order

CAVORD: concave corner extrapolation orderJ

FLOBAL: activator for flow balance

FLOW: activator for inflow or outflow

STRAT: selector for initial stratification

ISTRAT: e-line defining initial stratification

RHOS: table of density defining initial stratification ,

TEMS: temperature table defining initial stratification

ELEV: elevation table defining initial stratification
Acceleration parameters

UACTOL .
iteration error tolerances for variable acceleration

VCL(parameters for u ,v ,T respectively

TACTOL "

C0SI cos IM X+ I

used in calculation of variable accel-
eration parameters

COSJ Cos JMAX+"

BACC: boundary temperature acceleration parameter

PACC: pressure acceleration parameter

VELACC: switch for variable acceleration parameter for
momentum equations

TEMACC: switch for variable acceleration parameter for energy
equation '

VELXAC
"u , v , T acceleration parameters, respectively,

VELYAC when variable parameters are not calculated

TEMPAC "

PRESAC: pressure acceleration parameter (input value)

BOUNAC: boundary temperature acceleration parameter

Solution quantities

RHOREF: reference density used for calculation of hydrostatic
pressure (p 0 )

GX) . gravity vector (gI,g2)
GY -
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FL0IN: total inlet flow rate

FL00UT: total outlet flow rate

DELTAT: time step (At)

VELREF

TEMREF reference values of (u,v) , T , p , respectively "

i , ' PREREF .

GRAX gravity unit vector

GRAY)

UGEN

VGEN

PGN general values for u ,v ,P ,T ,B, respec-
tively, over entire field

TGEN

WGEN

.(IREF,JREF): location of PREREF, reference pressure for

(XREFYREF): calculation of hydrostatic pressure .
~~~(XREF,YREF) : "-

GRAC: acceleration of gravity

Output options

VUNITS

PUNITS output units for (u,v) , P , and T , respectively

TUNITS ,

CUITTS: output units for time

EXT0UT: switch for output of field extrema

MAP0UT: switch for output of field maps

MAP(5): field maps desired

RIT0UT: switch for printed output of field at selected steps

RITERR: switch for printed output of iteration error norms

RITINT: switch for printed output of initial field solution

LABEL: output label

ACCPRT: switch for printed output concerning variable
acceleration parameters

. RITEXT: switch for printed output of outlet variables

16
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Computation site arrays (25)

U u

V v

P P

T T

RHO

RHOU pu

RH0V pv

RH0E pe

ENERGY e

MUu

KC K

Q heat source flux

POINT point type

SII etc. (25,2) second index refers to
diagonal (1) or off-

SIIBR et. (2,2)diagonal (2)

Qi q1, etc. (25,2)

QiBAR ql, etc. (25,2)

DSXI (2) stress terms in momentum equation, conduction

DSET (2) terms in energy equation

UXXI ux~

UYXI u
y etc. for v ... , T ... P

UXET ux
n -.--

UYET uy

UBA go

VBAR

X x

Y y

XXI X

4.,YXI y

17
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XET x

YET y

JCB J =x y -i x T1y

ALPHA a~ x 2 + y 2
Ti T

GAMMA y x 2 + y 2

INFCEN,JNFCEN index increments for neighboring solution points

* - INSCEN,JNSCEN index increments for neighboring coordinate points

Qheat flux (q)

Other variables

D11,D22 horizontal and vertical eddy viscosity (D 1 D2 2

C11,C22 horizontal and vertical eddy conductivity (C11C)

MASDEF mass residual (D)

FLORAT ratio of inlet to outlet flow rate before balance
correction

PT0T full pressure (p)

AJAC Jacobian (J)

UACMIN,UACMAX, minimum, maximum, and average acceleration parameter0

UACAVG for velocity (etc. for V and T)

VANORM iteration error norm for x-velocity acceleration
parameter (etc. for V and T)

OVLEX

0VELY

TMPprevious time step values of u ,v ,T ,e ,D

respectively
0ENGY

0CMAS
NPT total number of field points

TIME time (t)

TIM time in output units (t)

MU11,MU22 viscosity including turbulence (V. + pD 1 ,ji + pD 22)

MU1122 average of MUll and MU1122

18
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T.-

,.- KC11,KC22 conductivity including turbulence

(c + P C19 + P C) -

DPXI,DPET pressure terms in momentum equations

UC0LDVCOLD velocity values at previous iterate

XXID x

XETD x

RH0B pB

.- DEPTH depth to computation site below top (d)

HEIGHT height of computation site above bottom (h)

FULDEP top-to-bottom distance (do)

VELC velocity magnitude at computation site (lul) (etc.

for N , S , E , W)

VELH0R,VELVER horizontal and vertical derivatives of velocity

magnitude 'u'x', 1kly)

HORCEL,VERCEL horizontal and vertical cell width (Ax,Ay)

RH0VER vertical derivative of density (P

DMXI,DMET and n convective flux terms (pBfu and pBfv)
(Suffix C indicates coefficient of value of f at

DMXIC,DMETC computation site. Entire term is DMXI + DMXIC*fc
etc.)

EMASDEF mass residual correction term (zero for nonconserva-

tive convective terms, equal to MASDEF for conserva-
tive terms)

CENFAC total coefficient of central value factored from all
terms

UTEMP intermediate x-velocity value (etc. for v , P , T ) - -

"--XXID (etc. for Y )

XETD x }ec o
;-' ALFA U -'-'

GAMA y

BETA 8 xx + yy

DELT x VY + x yE

19
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(etc. for Y)

XETET x

MXETx

DDX a~x -2x + yx

DDXX DDX

DDXY DDXY

DDYX DDYX

DDYY DDYY I

* DDXYX DDXYX

DDXYY DDXYY

UXIu

UET u (etc. for v, B, P

UK Ju (
UY Ju )

y
* BRXI (Bp)~

BRET (Bp)

BRXIXI (p

BRETET (Bp)

BRXIET (Bp)

BRX J(Bp) x
BRY J(Bo)

BRXX (Bp) x

BRYY (Bp)

BRXY (Bp)

BRTXI (Bp)

BRTET (Bp t n
BRTX J(Bp)

t x

20

!w IV l jA 9 -



a. BRTY J(Bp)
t y

DXI (V-u)

DET (V-u)

DXIXI (V-u)

DETET (V-u)

DX1ET (V-u)

DX J(V-u)

DY J(Vxu

DLAP j 2 V2 (V.U)

UXIXIu

UETET u
MI (etc. for V )-

UXIETu

ULAP j 2 V2 U

DVEL JV-u

RUXI (~uD)

RUXT

RVY
(fy

RHS B j 2 V2 p

ARTVC artificial viscosity(CART* IDI)

ARTCC artificial conductivity(CART* ~ 11

21
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a a(Bu)

DISP viscous dissipation term aoij ax.

/ (Ru.)\
DILT volume dilation term Jp ax-~

22.

J0
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PART IV: OPERATION

II. The code starts by reading the namelist BEGIN, which contains

a flag START which indicates an initial start, a continuation of a

partially converged iteration, or a continuation of time steps.

Initial Start

12. For an original start, the namelist PARAM is read next, and

subroutine SETVAL is called to read the remainder of the input. This

subroutine first reads the label, the extent of the coordinate arrays

(IMAXC,JMAXC), and the coordinate point type array (SIDE, the LSLIT of

WESCOR) from the output of the coordinate system code WESCOR. The

extent of the field arrays (IMAX,JMAX) is then calculated, and the field

point type array TYPE is initialized to OUT. For free field points,

i.e., points in the flow field and not on a boundary, TYPE is then set

to FIELD, and for points on any boundary, TYPE is set to the default,

WALL, indicating a no-slip boundary. The coordinate system is then read

- from the output of WESCOR into the coordinate arrays XC0R and YC0R.

13. The 'loundary types are designated next by input as fol'.ows.

For each boundary segment (outer or obstacle) that is not to be no-slip,

°namelist INPUT is read specifying the boundary type (INLET, OUTLET,

SURFACE, or SLIP) and the indices, (I1,J1) and (12,J2), of the segment

ends. All points on that segment are then set to this type in TYPE.

Points on all boundary segments not designated otherwise by input are

typed no-slip by default, as noted above, except that it is also pos-

sible to change this default to slip by the input. After all of the

boundary designations have been read, the code determines if the seg-

ments are bottom, left, right, or top relative to the free field, and

locates concave and convex corners, placing the appropriate type classi-

fication in TYPE for each boundary point.

14. The field arrays for velocity, pressure, temperature, energy,

width, and wall heat transfer (VELX, VELY, PRES, TFMP, ENGY, WIDE, and

23
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QUAL) are initialized to the default values. The general field values

and the reference pressure and position then may be changed from the

default values by a read of the namelist INPUT for each quantity to be

changed. Units are read with the values, and the code converts all

quantities to metric. The units of the coordinate system must be

identified, or metres will be used, and the time step is set. Boundary

values on any boundary segment are then specified by a read of the name-

list INPUT identifying the segment, the quantity to be specified, the

values, and the units. The general field values remain on any boundary

segment that is not changed in this manner. Initial density (or tempera-

ture) stratification may be specified either on a designated E-line or

with an input table of density (or temperature) versus elevation.

15. Specification of temperature on a boundary segment causoz that

segment to operate with a fixed temperature. Specification of heat

transfer on a segment causes it to operate with that heat transfer. No

specification causes a segment to operate as an adiabatic wall.

16. Subroutine SETVAL then completes its setup of the field and

boundaries by calculating the components of the gravity vaztor, the

reference values and their locations, the hydrostatic pressure, and the

energy for all points, and by initializing the acceleration parameter

arrays to the default values. The reference velocity is the square root

of the sum of the squares of the maximum magnitudes of the components on

the field and boundary. The reference temperature and density are the

general values on the field. The reference pressure and the reference I
position are items previously input with the general values. Hydro- *.

-
.

static pressure is calculated with the initial density distribution by

integrating from the reference position, where the full pressure is

equal to the reference pressure, with constant density equal to the

reference density.

17. The main program then initializes the rest of the field

arrays, setting the velocity divergence, DIVEL, and the mass residual

terms, CMAS and CMAS0 , to zero, and setting the previous time flow

variables to the initial values. The initial solution is then printed

if desired, completing the initialization of an original start.

24
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Continued Iteration Start

18. If the start is to be made from a partially converged solu-

tion, the read of namelist BEGIN is followed by a read of the partially

converged solution from file 13. A read of the namelist PARAM, so that

parameters can be changed if desired, then completes the setup for con-

tinuation of the iteration.

Continued Time Steps Start

19. Finally, if the start is to begin from the solution at some

previous time, the read of namelist BEGIN is followed by a read of the

solution at this time from file 13. Namelist PARAM is then read, com-

pleting the setup for continuation of the time steps.

Setup for Time Step

20. After any of these three possible starting modes, the conver-

gence tolerances for velocity, pressure, and temperature are calculated

from the reference values. These tolerances are calculated by multiply-

ing the input tolerances by the corresponding reference values, except

that the pressure tolerance is based on the maximum of the reference ... -
2

pressure and the dynamic pressure PV , calculated from the reference

density and velocity. The reference values and tolerances are then

printed, and the code is then ready to proceed with the time steps. If

the step is the first time step from an initial start, the code elects

first-order time difference expressions regardless of the input speci-

fication of the order. The input specification is used at all subse-

quent time steps.

21. If the start is not from a partially converged solution,

before proceeding with the calculation for the solution at t + At , the

current values of velocity, temperature, energy, and the mass residual

term CMAS0 at t are written in the corresponding field arrays,

25
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0VELX, 0VELY, 0TEMP, OENGY, and 0CMAS. The inhomogeneous terms (UR0LD,

VR0LD, ER0LD, R0LD) and the mass residual term CMAS are calculated for

each FIELD point. If nonconservative convective differences are used,

the density is omitted from UR0LD, VR0LD, ER0LD, and R0LD. This com-

pletes the setup for the calculation of the solution at the new time

step.

Iteration

*, Boundaries update

22. The iteration then proceeds. At each iteration, the norms are

zeroed, all of the boundary values are updated, and then all of the

field values are updated. In each case the updated values replace the

current values in the arrays as they are calculated, in accordance with

Gauss-Seidel iteration. Values on no-slip or slip boundaries are up-

dated by calling subroutine WALLS from the appropriate entry point, -.

BOTTOM, TOP, LEFT, or RIGHT, relative to the free field. (Note that a

point on the top of an obstacle calls BOTTOM, etc.) Concave and convex

corners, whether no-slip or slip, are treated by calling the subroutines

CAVCOR and VEXCOR, respectively. Inlet, outlet, and surface points are

,. updated by calling subroutine INFL0, 0UTFL0, or SRFACE, respectively.

"*'i The energy (ENGY) is calculated from the temperature at all of the .

boundary points. Consequently, this routine is called through the

* appropriate entry point, after each call to INFL0, 0UTFL0, or SRFACE.

After the complete boundary update, the normal velocity components on

all outlets or inlets may be adjusted so that the total outflow exactly

equals the total inflow by calling subroutine BAL0UT or BALIN.

Field update

23. The updating of the field values is done by a call to DIFFEQ

at each FIELD point. After the field has been updated, the error norms

are checked for convergence to the specified tolerances. If convergence

. has been attained, then the previous time step values are retrieved, and

'. the solution is written on the restart file 11. The solution is then
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printed and stored on the solution file 12 if the current time step is

designated for output. The solution then proceeds to the next time step

unless the prescribed number of steps has been executed, in which case

the solution stops.

Completion

24. If the maximum number of iterations allowed is reached without

convergence, there are two possible alternatives. If the input has so

specified, the code will interpret this as convergence and proceed with

the output and continue to the next time step as above. Otherwise, the

partially converged solution is written on the restart file 11. The

values at the previous time step are retrieved and written also. In

this case, the solution stops.

27
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PART V: SUBROUTINES

BLOCK Data

25. This data set contains the default values.

Subroutine AITKEN

26. This subroutine produces a new iteration for a Newton-Raphson

• .iterative solution of a nonlinear equation.

Subroutine CAVC0R

27. This subroutine calculates the temperature on a concave corner

by linear or quadratic extrapolation along the two sides forming the

corner.

Subroutine DIFFEQ

28. This subroutine calculates the values of the pressure, temper-

ature, and velocity components at each FIELD point. The routine first

places the appropriate values of the coordinates of the points surround-

ing the point of calculation in the arrays X and Y. The coordinate 3
derivatives (XXI, etc.) are then calculated where needed and, from

these, the Jacobian and a and y are calculated. Next, the width,

velocity, temperature, energy, and pressure are placed where needed.

The density is calculated from the temperature. =

29. The viscosity, the turbulent eddy viscosity, and the artifi-

cial viscosity (if used) are then calculated where needed. The viscos-

ity is calculated directly from the temperature. The turbulent eddy

* viscosity may be an input constant or may be calculated from either of . - ...

*" two models. The artificial viscosity is calculated from the mass

. residual. The quantities u and v , the contravariant velocity compo-

"" nents, are the calculated and the mass residual is evaluated.
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30. The routine then calls subroutines CH0RIN, THERMO, and MOMENT

to calculate the pressure, temperature, and velocity, respectively.

Pressure

31. Subroutine CH0RIN calculates updated pressure via the Chorin

scheme (Thompson and Bernard 1985). The routine first evaluates the

mass residual using first-order one-sided differences. The new pressure

is set equal to the old pressure, minus the mass residual multiplied by

the pressure acceleration parameter and the geometric coefficient
derived in Thompson and Bernard (1985). The change from the previous

iteration is noted, and the new pressure is placed in the pressure field

array PRES. This routine is called before and after calling MOMENT, in

oter to improve convergence.

Temperature

32. Subroutine THERMO updates the temperature from the energy equa-

tion. (There is an input provision for skipping this routine if the

aensity is to be held constant.) This routine first calculates the con-

. ductivity from the temperature where needed and then evaluates the tur-

bulent eddy thermal diffusivity and the artificial conductivity (if

used) from the eddy and artificial viscosities calculated above. The

heat conduction terms are then evaluated, with terms containing the

temperature at the update point being identified as diagonal terms and

the remaining terms as off-diagonal terms by the indices D and OD

respectively. Finally, the energy flux terms are evaluated, using a

choice of central, upwind, or ZIP differences (Thompson and Bernard I
1985), isolating any terms containing the energy at the update point.

Second-order central differences are used for all derivatives except for

upwind convective terms, which are first-order.

33. The new temperature at the update point is then calculated

through a false position iteration, since the time derivative and pos-

sibly the energy flux terms contain the energy at the update point,

while the conduction terms contain the temperature at this point. This

Newton-Raphson iteration is done by using subroutine AITKEN. If vari-

able acceleration parameters are being used, this parameter is updated

29
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by calling subroutine TEMAC after the iteration for the temperature at

the update point has converged. The temperature is then updated, the

change from the previous iteration is noted, the new temperature is

placed in the temperature field array, TEMP, and the new energy is cal-

culated from the new temperature.

" ,Velocity

34. Subroutine MOMENT calculates the velocity components from the

momentum equations. The routine first evaluates the stress terms, iden- 4

, tifying the terms containing the velocity at the update point as diago-

nal terms (index D) and the remainder as off-diagonal terms (index OD).

The momentum flux terms are then evaluated using a choice of central,

upwind, or ZIP differences, again identifying terms containing the

velocity at the update point. The pressure terms are then evaluated.

Second-order central differences are used for all deriviatives except

for pressure gradients and upwind convective terms. The new velocity is

calculated, with all terms involving the component being evaluated at

the update point factored together. The mass residual correction term

uD is omitted if nonconservative convective differences are used. If

variable acceleration parameters are to be used, subroutine VELAC is

then called to update this parameter. The new velocity is then calcu-

lated. The change from the previous iteration is noted, and the new

velocity is placed in the velocity field arrays, VELX and VELY.

Subroutine INFLO

35. Thi- subroutine calculates the temperature of an inlet by set-

ting the value equal to the adjacent value inside the field. If FLOW is

input as 'OUTFLOW,' the inlet velocity is extrapolated in the same way.

The routine also calculates the mass flow rate into the inlet by summing

the product of the appropriate contravariant velocity component and the

density.

30

W \ 1W "r W_ V IF V V 9 A9 19 19

-....- -



.7 .7 7 . ' 77 , .

Subroutine MAPS

36. This subroutine prints maps of various field quantities for

inspection. These may be elected by the input parameters in the array

:' MAP:

a. Point type map--shows the type for each point, i.e.,
field, inlet, outlet, etc.

b. Velocity map--shows interval contours of the velocity
magnitude by assigning a different number from 0 to 9 to
each point, depending on the ratio of the velocity from
the minimum value on the field to the difference between
the maximum and minimum values on the field. Intervals of
0.1 from 0.0 to 1.0 are indicated by the numbers 0-9.

c. Temperature map--shows interval contours of the tempera-
ture in the same manner as described above for the
velocity.

d. Pressure map--shows interval contours of the difference
between the pressure and the hydrostatic pressure, as for
the velocity.

e. Density map--shows interval contours of the density, as
for the velocity.

Subroutine OUTFL"

37. This subroutine calculates the temperature of an outlet by

setting the value equal to the adjacent value inside the field. If FLOW

is input as 'INFLOW,' the outlet velocity is extrapolated in the same

way. The routine also calculates the mass flow rate out of the outlet

in the manner described above for INFL0.

Subroutine SETVAL

38. This subroutine reads the input and sets up the initial field

as described above.

31 
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Subroutine SRFACE

39. This subroutine calculates the velocity components and the

temperature on a simulated free surface (without movement of the sur-

face) by setting these values equal to the values at the adjacent points

inside the field.

Subroutine TEMAC

40. This subroutine calculates the locally optimum acceleration

parameter for the energy equation. This parameter depends on the local

convective and diffusive terms, and underrelaxation is used unless dif-

fusion dominates in both directions. The change from the values aL the

previous iteration is noted, and the new value is placed in the field

* array TACC.

Subroutine VELAC

41. This subroutine calculates the locally optimum acceleration

paranmeters for the momentum equations. This parameter depends on the

local convective and diffusive terms, and underrelaxation is used unless

diffusion dominates in both directions. The change from the values at

the previous iteration is noted, and the new values are placed in the

field arrays, UACC and VACC. ,

Subroutine VEXC0R

42. This subroutine calculates the temperature and velocity compo- .O

nents at a convex corner. This is done by calling subroutine WALLS,

with the appropriate entry point, for each of the two sides forming the

corner, and then averaging the results.
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Subroutine WALLS

43. This subroutine calculates the temperature and pressure on

no-slip and slip boundaries. It also evaluates the slip velocity on

slip boundaries. There are four entry points for boundaries on the

BOTTOM, TOP, LEFT, or RIGHT relative to the free field. Note that the

top of an obstacle and the bottom of the entire region are classified as

BOTTOM.

44. The routine first places the coordinates of neighboring points

in the arrays X and Y and calculates the coordinate derivatives. The

values of all quantities needed at the surrounding points are placed in

the appropriate arrays, and the derivatives are evaluated using second-

order central differences in the field and along the boundary, except at

corners where first-order one-sided differences are used. Such one-

sided differences are also used for derivatives coming off the wall.

45. After the heat conduction terms are evaluated, either the new

temp.rature is calculated from the specified wall heat transfer or the

wall heat transfer is calculated from the specified wall temperature.

The wall pressure is evaluated by subroutine CHORIN. If the boundary is

a slip boundary, then the new velocity components are calculated with

the vorticity and normal velocity set to zero.

46. The new temperature and velocity components are calculated

using a specified uniform acceleration parameter, the change from the

previous iteration is noted, and the new values are placed in the field

arrays.

Subroutine XTREMA

47. This subroutine calculates and prints the extrema of the

velocity, temperature, and pressure.
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Subroutine BALOUT

48. This subroutine adjusts the velocities on all the outlets to

balance the inlet and outlet flow rates. This is done by multiplying

the velocity normal to the outlets by the ratio of the inlet flow rate

to the outlet flow rate. New velocities are then calculated (for out-

lets only) using the adjusted normal velocity and the unchanged tangen-

tial velocity. Use of this routine is an input option. ."

Subroutine BALIN

49. This subroutine is the same as BALOUT, but is applied to in-

lets instead of outlets. Use of this routine is an input option.
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50 hs-oe, PART VI: PLOT CODES

50. These codes, called VECTOR and C0NTUR, respectively, plot

velocity vectors at each point or selected points in the field, and the

contours of density, temperature, and pressure.

Contour Plots (C0NTUR)

51. The contour plots are done as described below. The code was

written by Thompson, but the description is taken from Thames (1975).

Determination of
contours in the $,n plane

52. Let = ((,r) be a function defined in the region D*

possessing continuous second derivatives. Since D* is closed and

bounded, let m() --mn {in ) [,n]e D*1 and M() -

max {O(E,n) I ,n]E D*} . If D is a number such that m(o) s <_

M() , then we define the C-contour of (Er), CT(0) , as the set

CT(P)= {[ ,n] [,n] D* and (E,n) =
Tp

Graphically, CT(D) is the curve created by the intersection of the

graph of 0(&,n) and the plane 1(P,n) - . For plotting convenience,

the curve is usually projected onto the (&,n) plane. These ideas are

illustrated in Figure 3.

53. Now suppose that O(Erl) is known only in a discrete fashion.

That is, let the net function i-n ( i'n) be known on the discrete

* "set D** = { [ in] i = i-I for I < i < IMAX and nj = j-1 for

1 < j < JMAX} . (The fact that i may only be an approximation to

(F,ri) is immaterial to the current discussion.) If similar defini-

* tions for m(o) and M(0) are made for i on the set D** , then

the C-contour of ',j denoted CT(0) again, can be defined as
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Ck~k 0 <k TMAX-1; 0 < < JMAX-1I;

W(k r k) (D; k=1,2.... ,N; N > 21

C(I)-

Figure 3. Contour - 4 of 4~n

The bars over ,and are to indicate that TI~rk may not

be an element of Di** and that is not necessarily one of the values

of the net function .' The discrete representation is shown in

* Figure 4.

54. Numerically, the import of the above discussion is that

interpolation between the points of the discrete set D* is required

*to determine C ((D) . Consider a portion of grid D*as shown in
T

Figure 5a where 1 < 11 < 12 < IMAX and I <J J< J2 < JMAX .Each
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Figure 4. Contour of 0&j

(m,n+1) (m+1,n+1)

J=J2 q6

0
m~,n

- 2-

a. Portion of grid **b. Block (m,n)

*FigureS5. Sample grid in set D**
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grid block is labeled by the (i,j) coordinates of the lower left-hand

corner of the block. Block (m,n) is shown on a larger scale in

Figure 5b. • .,~ .-. "l*

55. In order to improve the plotted resolution, consider subdividing

each block into four triangles, as shown. The value of * at (m + ,

n + ) is taken as the four-point average

m + ,n + j (0m,n + m+l,n + m,n+l + m+l,n+l)/4-

A local (Q,n) coordinate is affixed to each grid block as demonstrated in

Figure 5b. In order to standardize the interpolation procedures, a local

(C,p) coordinate system is also placed on each of the subtriangles as

illustrated in the series of drawings given in Figure 6.

_ ~~~ I 2 3

."I I I I

0 I--j- - 0 j-m" i m,ni m,n

m,n' m,n m,n m,n

Figure 6. Local coordinate systems for triangles

56. Interpolation is carried out on each of the four triangles for

each grid block in the segment (II < i < 12, J1 < j < J2) of the set D**

specified. In particular, interpolation is performed along each of the

three sides of each of the triangles if the contour value P lies

between the values at the ends of the sides. Let d' be the directed

distance from a given triangle vertex to the point on the triangle side

where the contour intersects that side (denoted by ). This distance

is illustrated in Figure 5b for triangle QD and is defined in an
analagous manner for the other triangles. If 0 is the value of 0

at a particular triangle vertex and 02 is the value of i, at the,-.-

other end of the side, then d' may be expressed as
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d' -(side length) (t t Mt - i

:4For example, along side 1-2 of triangle (Do d' is given by

d1-.2  (10( m~i+,n 'm,n - ml~

* 57. Noting that the sides of the triangle have lengths 1.0, 1.0/'/2,

*and 1.0/sr, the contour intersection can be expressed in the local

triangle coordinates as

Side ____ ~ 2

1-2 1-d 0

2-3 d/2 d/2

3-1 (1+d)/2 (1-d)/2

where d OP -, d/0 - I and where 2.-1, 2, 3, or 4 denotes the

triangle number.

58. Once the contour intersections have been determined in the

local triangle coordinates (C ,)j 2 ) they must be transformed to the grid

block coordinates Q mnYImn* This is done in the conventional fashion

* ~using orthogonal rotation matrices. If %,". 1 are the coordinates -

of an intersection in triangle k then
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where

A1  0 1 A2  -1 .0".A 0-'11

0 -1

-°0 A3  0A1 4  1 0 .

Note that up to three contour intersections can occur for each triangle

(i.e., one on each side). Finally, the point [(Q n) , (n ),] is%
mn Lp mn 1-p

* transformed to ( ,n) coordinates by a simple linear transformation pro-

ducing an element[Ek, nk] of the set CT()

Transformation to the physical plane

59. Since contours in the (Q,n) plane are of little interest,

C T(0) must be transformed to the physical plane. This is made possible

through the use of the coordinate transformation functions x( i,qr).

and y(i, . Again, interpolation is required since almost all ele-

ments of C _ are not elements of D** on which the discrete func-
T

ions x(Qi,,n) and y( i,nj) are defined. As illustrated in Figure 7,

this implies a double linear interpolation must be performed. If

•[k, HkI denotes an element of CT( , the first step is to locate the

, and n values bracketing k and "Tk . Denoting these by Ei, Ci+"

and njp, nj+ a  as shown in the figure, the values of xk and Yk are

calculated as follows:

xk k - rj)(Xj+l - Xj)/(j+l - nj) + X

40
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Ti
where

X (~-~(xi ~~ - x)(E - ~ + x
j k i1j ij i1 i i'j

Xj+I Ek -i(i~~~ xi,j+d" i+I - % i +Xj+ 1

for all k=1,2,..., Similar expressions are used to calculate

Figue 7.Intepolaion or xand

tud adterietionr is Itatpoaten veocit vetr and aroha

is added to the tip of the line.

41
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APPENDIX A: WESSEL INPUT INSTRUCTIONS

WSSEL Input instructions

-. 
* * 8 * **$* ** *$,** $** 8**** ** **$$,* * 8* *** *,* *** *$ * ** ** * S* * ** * *** *** *:** 8*8*: * $88" 

,,

*8*8888*8*888***8 W E S S E L 88888888888*88**8

8* INPUT INSTRUCTIONS * 8888*88888888*88** 88*888*$*$$***8--
8-- 

1. -- ,

8 FILES X FOR CONTINUATION OF TIME STEPS, OR CONTINUAl IUN OF IiERATION
* . 8 ON A PARTIALLY CONVERGED TIME SIEP, THE INITIAL SOLUIIUN IS
- 8 READ FROM UNIT 13 UNFORMAITED.

* THE LAST TIME STEP, OR A PARTIALLY CONVERGEl TIME SIEP, IS

*( WRITTEN ON UNIT 11 UNFORMATrED FUR RESTARI*.

8 THE TIME STEPS SELECTED FOR SIORAUE ARE WRITTEN UNFORMAITED
8 ON UNIT 12.

* COORDINATE SYSTEM IS READ UNFORMATIE FROM UN1I 10.
* (AS WRITTEN BY CODE 'WESCOR'

8 INPUT % (QUANTITIES NOT INDICATED OHERWISE ARE FLOAIING POINT.)

*-------------------------------------------------------------------------

** NAMELIST $BEGIN %

* START - START SELECTOR X L
* ':INITIAL' 71 INITIAL START.

8 'NEXT' % START FROM CONVERGED TIME SIEP.

* 'RESTART' X CUNIINUE ITERATION ON PARTIALLY CUNVERUED lIME S1EP.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8*8 NAMELIST SPARAM 7

* NAMELIST ITEMS 71 (ANY ORDERP OMISSIONS ALLOWED)
* (DEF-AULT VALUES IN PARAfNENSES AT END)

* FLOW - SELECTOR FOR FLOW SPECIFICATION. ('INOUI'
8 'INFLOW' % INFLOW SPECIFIED.
".* 'OUTFLOW' 7 OUTFLOW SPECIFIED.

* 'INOUT' INFLOW AND OUTFLOW SPECIFIED.

* ENEREG - SELECTOR FOR ENERGY EQUATION. ('YES' OR 'NO'). ('YES')

* ('NO' OMII'S ENERGY EUUATIUN, KEEPING UNIFORM FEMPERAI'URE)

8 PARCON - ACCEPTOR FOR PARTIAL CONVERGENCE, ('YES' OR 'NO'). ('NO')

.,* ('YES' ACCEPTS PARTIAL CUNVERGENCE AT MAXIMUN NUMBER OF )

* ( ~ITERATIONS AND PROCEEDS TO NEXT TIME StEP. )---

8 STEPS - NUMBER OF TIME STEPS. (INTEGER). (1)

8 STORIT - FIRST STEP TO BE STORED. (INTEGER). (1) --

Al
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. .....' ....... V ,-

. * STOINT - INTERVAL BETWEEN STORED STEPS. (INIEGER), (1)
* (I STORES EVERY STEP, 2 EVERY SECOND STEPP EIC.)

, STRAT - SELECTOR FOR INITIAL STRATIFILAIIUN, ('NONE')
* 'NONE' % NO STRATIFICATION.

' 'LINE' % STRATIFICATION ACCORDING TO DENS1IY OR
$ TEMPERATURE INPUT ON XI-LIMt IS11AT.
* 'TABLE' X STRATIFICATION ACCORDING IU INPUT TAILE OF
SDENSITY OR TEMPERATURE VS LLEVAIIUN.

* * ISTRAT - XI-LINE DEFINING INITIAL STRATIFICATION WHEN

* STRAV='LINE' * (1)
* (IRRELEVANT IF STRAT='NONE' OR 'TAELE') -

* UTOL - CONVERGENCE TOLERANCE FOR X-VELOLIHY, (1,E-4)
" * VTOL - Y-VELOCITY. (1.-4)
* * PTOL - PRESSURE, (1,E-4)

* TTOL - TEMPERATURE, (1.E-4)
* (FRACTIONS OF MAXIMUM VALUES) -"-

UACTOL - CONVERGENCE TOLERANCE FOR X-MOMENTUM ACLPARA, (i.E-4) -
* VACTOL - Y-MOMENI'UM ACC.PARA, (1.E-4)

; * TACTOL - ENERGY ACC.PARA, (I.E-4)

VELXAC - ACCELERATION PARAMETER FOR X-MOMENTUM. (1,)
* * VELYAC - Y-MOMENTUM. (.

* PRESAC - CHORIN PRESSURE EU, (0.8)
" S TEMPAC - ENERGY. (1.)

* BOUNAC - BOUNDARY TEMPERAlURE. (1,)

* VELACC - VARIABLE ACCELERATION PARAMETER AL'IVAIOR FOR MOMENIUM. (.,RUE.)
, * TEMACC - ENERGY. (,1RUE,)
. * (LOGICAL). (.TRUE. ACIIVATES VARIABLE PARAMETERS.)

* DELTAT - TIME STEP. (1.)

* CUNITS - OUTPUT UNITS FOR TIME. ('SEC')
* VUNITS - VELOCITY. ('MPS')

PUNITS - PRESSURE. ('PASCALS')
* TUNITS - rEMPERATURE. ('K')
" (SEE LIST OF UNIT CHOICES BELOW. DEFAULT IS METRIC UNI'S)

. * TIMORD - ORDER OF TIME DERIVATIVE. (1)
, * CAVORD - CORNER EXTRAPOLAriON. (1)

(INTEGER, 1 OR 2 )

* ITERS - MAXIMUM NUMBER OF ITERATIONS. (INlEOER), (1) ,..
- *

* GRAX -GRAVITY UNIT VECTOR X-COMPONEN1. (0)..

- GRAY - Y-COMPONEN(. (-I.)

* EXTOUT - ACTIVATOR FOR OUTPUT OF FIELD EXIREMA. ('NO')
* MAPOUT - MAPS. ('NO') -

*('YES' OR ' NO')

* RITINT - ACTIVATOR FOR PRINI OF INITIAL SULUTIUN. ('NO')

- * RITOUT - TIME STEP SOLUI"IUN. ('NO')
S- RITEXT - SOLUTION ON ALL OUTLETS. ('NO')

, * RITERR - ITERAIION NORMS. ('YES')

A2
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* ('YES' OR 'NO')

. MAP(I) - ACTIVATORS FOR FIELD MAPS. ('NONE')
* 'TYPE' % POINT TYPE MAP.

*'VELOCITY' Z VELOCITY MAP.
" 'PRES' % PRESSURE MAP.
* 'TEMP' X TEMPERATURE MAP.
* 'DENS' X DENSITY MAP.
- ('NONE' GIVES NO MAPS.)

a CONVEC - SELECTOR FOR CONVECTIVE DERIVATIVES. ('UPWIND')
- CONSERVATIVE X 'UPWIND' OR ' CENTRAL'

.. NON-CONSERVATIVE % 'NONUP' OR 'NUNCEN'
- ZIP x 'ZIP'

* IREFJREF - INDICES OF ELEVATION REFERENCE. (1,1)

S. at CART - COEFFICIENT IN ARTIFICIAL VISCOSITY. (0,)
* (0.0 FOR NONE. NOMINAL NON-ZERU VALUE IS 1.0

, * TURHOR - SELECTOR FOR HORIZONTAL TURBULENCE. ('NONE')
" "t 'NONE' X NO TURBULENCE.

* 'CONSTANT' Z UNIFORM EDDY VISCOSITY = COFHUR.
'EDINGER' X EDINGER MODEL. L

. 'KENT' % KENT MODEL.

" TURVER - SELECTOR FOR VERTICAL TURBULENCE% ('NONE')
* 'NONE' X NO TURBULENCE.
_ 'CONSTANT' % UNIFORM EDDY VISCOSITY = COFVER.
- 'EDINGER' X EDINGER MODEL.
* 'KENT' % KENT MODEL.

* COFHOR - COEFFICIENT FOR HORIZONTAL TURBULENCE. (1.)
* (IRRELEVANT IF TURHUR NUT EQUAL 'CUNSTANT')

S COFVER - COEFFICIENT FOR VERTICAL TURBULENCE. (1.)
: (IRRELEVANr IF rURVER NOT EQUAL 'CONSrANT')

*t FLOBAL - SELECTOR FOR FLOWRATE BALANCE. ('YES' OR 'NO'). ('NO')
*t WHEN FLUW='INFLUW' THIS CAUSES ALL OUTLET NORMAL VELOCITIES TO
*t BE MULTIPLIED BY RATIO OF TOTAL INLET FLUWNATE TU TUAL OUILET
$ FLOWRATE.
*t WHEN FLDW='0UTFLOW' THIS CAUSES ALL INLET NURMAL VELOCITIES TO
* BE MULTIPLIED RATIO OF fUfAL UUTLET FLOWRATE I U IOTAL INLET
* FLOWRATE.
$WHEN FLOW='INOUT' THIS OPTION IS IRRELEVAN't.

at ACCPRT - SELECTOR FOR ACCELERATION PARAMETER PRINT, ('YES' ON 'NO').

--------------------------------------------------------------------------

""* BOUNDARY TYPE NAMELIST $INPUT X (ANY ORDERP OMISSIONS ALLOWEI)

. BEGIN WITH A NAMELIST $INPUT WITH ITEM='BUUNI".

* THEN USE A SEPARATE NAMELIST $INPUT FOR EACH BOUNDARY SLGMENI.
C

- *t CLOSE WITH A NAMELIST $INPUT WITH IIEM='END'

. ITEM - BOUNDARY TYPE % (DEFAULT IS NO-SLIP)

A3

.., 1, i-1 _ ... ,33 2.'

-%4-' -. C6.

. -: "''*'-

* ::..:.~c . A-:K-.:K>A~>-'. iK~:~>.:j::K>§9"



- - ~ -. -.. *- -. -,-w %f, f r . -. "%Zri~~'~ t~- -w -'. -~ .- -

* 'INLET' % INFLOW BOUNDARY. (VELOCI1Y I TEMPERATURE

*, SPECIFIED UR EXfRAPOLATED)

* 'OUTLET' % OUTFLOW BOUNDARY. (VELOCITY I TEMPEkAIUkE
* SPECIFIED OR EXTRAPOLATED)

*'SURFACE.' X FREE SURFACE. (EXTRAPOLAIEL VELOCIlY ANi TEMPERAIURE)

* 'SLIP' % SLIP BOUNDARY. (ZERO VURlIClY & NURMAL VELUCIIY)

* 'ALL SLIP'% CHANGES BOUNDARY DEFAULl FROM NO-SLIP TO SLIP.

* (I1,Jl) 1 (12,J2) - INDICES OF ENDS OF BOUNDARY SEGMENT. (INTEGER)

*-----------------------------------------------------------------------

*** GENERAL VALUE NAMELIST $INPUT X (ANY ORDER, OMISSIONS ALLUWED)

"- BEGIN WITH A NAMELIST $INPUT WITH ITEM='GENERAL'

S* THEN USE A SEPARATE NAMELIST $INPUI FOR EACH GUANlITY.

* CLOSE WITH A NAMELIST *INPUT WITH IIEM='EHL'; -
.-.* ITEM =

:* 'VELX' X-VELOCITY (1.)

* 'VELY' - Y-VELOCITY (1.)

S'PRES' - DIFFERENCE FROM REFERENCE PRESSUk (0.)
*L

-** 'REFPRES' - REFERENCE PRESSURE (AT IREF,JREF) (1 AiM) -

'* TEMP' - TEMPERATURE (273.15)* - t *-,, .

- * 'DENS' - DENSITY (1000.0)

* 'HEAT' - HEAT TRANSFER (0.)

* 'WIDTH' - WIDTH (1.)

,* 'COORD' - SERVES TO CHANGE COURDINAIE UNITS, (METRIC)
* (VALUE IS IRRELEVANT.)

* VALUE - GENERAL VALUE OF QUANTITY.
* IS
* UNITS = .

* 'FPS' (FEET/SEC) *..VELOCITY
* 'MPH' (MILES/HOUR)

*'KNOTS' (NAUTICAL MILES/HOUR)

* 'ATM' (ATMOSPHERES) ........ PRESSURE
* 'PSI' (LB/SQ.IN.)

'PSF' (LB/SO.FT.)

" * 'C (CELSIUS) ............. .TEMPERATURE
- " * 'F' (FAHRENHEIT)

A4
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* 'R' (RANKINE)

* 'PCF' (LB/CU.FT.) ...... DENSITY
* 'SCF' (SLUGS/CU.FT.)
* 'GML' (GRAMS/MILLILITER)

'6CC' (GRAMS/CU.CM.)
*

* 'BTUSIS' (BTU/SQ.IN./SEC) .... HEAT TRANSfER

'BfUSFS' (STU/SQ.FT./SEC)

- * 'FEET' ........... WIDTH

$ * 'MILES'
* * 'YARDS'

" * 'NAUTICAL MILES'

*{ 'FEET' ....................... COORDINATES -'
* 'MILES' -. -

* 'YARDS'
q •'NAUTICAL MILES'

*-------------------------------------------------------------------------

* SECTION VALUE NAMELIST $INPUT % (ANY ORDER, OMISSIONS ALLOWED)

* BEGIN WITH A NAMELIST $INPU'l W11H IIEM='SECTIUN'
C
* THEN USE A SEPARATE NAMELIST $1NPU1 FUR EACH QUANTITY.
C
$ CLOSE WITH A NAMELIST $iNPUT WITH ITEM -'ENU'

ITEM=

* 'VELX' - X-VELOCITY (1.)

* 'VELY' - Y-VELOCITY (1.)

- 'PRES' - DIFFERENCE FROM REFERENCE PRESSURE (1 ATM)

- * 'TEMP' - TEMPERATURE (273.15)

'DENS' - DENSITY (1000.)

* 'HEAT' - HEAT TRANSFER (0.)

* * 'WIDTH' - WIDTH (1.)

*k 'DENTAB' - INITIAL STRATIFICATION TABLE X DENblIlY.

* 'TEMTAB' - TLMPERAfURE.
* 'ELETAB' - ELEVAi iUN.

*{ (IRKELEVANT UNLESS 't'Ai -'FABLE'.

* (USE 'DENTAB' OR 'T MTAB', NUT BUIH.)

* * VALUES - VALUES OF QUANTITY ON SECTION.

*(IIJl) £ (12vJ2) - INDICES OF CORNERS Of SLLTIUN. (iNIEOER)

*k JEL - NUMBER OF ENTRIES IN INITIAL SIRATIUILAIIUN lAbLE.
*/ (IRRELEVANT UNLESS STRAT='lAbLE') .

0 UNITS - UNITS OF QUANTITY. (SEE LIST AbOVE)

. • -.

A5

-w s is i -- , ,s w w . w°
W.W %.,.r~4 . -2% *P** -- ~~I-~,t--. • ...*..,

W7*" ,-<-x ',,%
. ......-.. .. ..- -.... -.-.- - . ..... :. . .. . .-.. .

,, -[ " , , q . - , •* 'w. - -' .-.- -., .. - -.,..- - . h * , -. 2 ...- .- ; ,'t .$- - -. . A.,.-. - /.



Mr. 7-- -- 7-77-77

2w4 4

%S



_ _ __L_>

APPENDIX B: CONT1JR INPUT INSTRUCTIONS
CONTUR Input Instructions

110-Cl
:2OCs~sssl*~ssz~s*l*C 0 N T U R fhZ*lSSE *U UIW IU

130--Cs

ItO=C C2NWTOUR PLOT CODE - ISSIS5IFFF' STAT NVRIY*19
170 -C ~8O~'?).S. A ,M? ENGINFt( N.ITER-IvAIS EXPERIMENT STATION

:90= "'CPNSBUiFS KTSSISSIFPI

10=
)20=C
1]07, INPUT (IU , 1 l qPr 0'cTi RWISE A'E FLGIrlC POINT.)

40zC

0 sAfMELiT ITEMS I A' CLF:.T ,5ON Ai OWFI
:80-C (lifFAULT VALUF5 1,, FAWMTnESE'S AT END)

C' 0 I NU~MBER .JF IiDICF I T BF F -Ap'mFi'. i tsECER)
10-C EiFF.)dtT IS ALL

* 40 C UFFAH.I IS ALL)

!imv F trNAOL AmD LINE C50TOL. ErRfl IF QO S'MPOLS Oto THE
'707 1CTNTUR LINE ARE [llSj'.l A VALUE OF - CWE- SYMBOI.S
,a0=C 0" EVERY !NTERSECTI jO, 2 OR 1 GIlES FgWER SIIBOLS. A

'?=( NFE;TIVE YALUE SUPPSSES Tr,.E CDOEC-11N. LINE. SfMBOL
-7 ,o cKG 1S(j MM 1 (:NTEOERk

;100C UEi~lTI iSBO )

43'01 NISTE S - NI[MBER OF 110F. STEFS. ( ImTECERI)
440=f
&-.o~ *.,, -.Q FZLOT SIZE I~v '1-OIRECT;0N IN ImCHES. (3.)

40 C 3!ZRAI Of PTI OFFOT L14CTH lio X-D'RECIC OSZ,(.

49~07C mlN,XiAX - CONTOUR P!OT LIMIT Im' X DIRECTION,
500C (DEFAJLT IS Ai.L)
510:
'2o f MIN,YMAX - (iemIOUR PI-02 LIM17S IN Y t'IREfTIO
0'O- 'TEFAULT IS ALL

0 I~r I Rjt' GRITS D LINES OF I ICRI!-+l) WEIcIdT AT EACH TiC
WAR LOCATION. NEGATIVE INTETER PRODUCES HALF -WEICIIT

70=i- ~ il: I.b LIqFS AT EAZH lT1 hi& LT-CAT1ON Atli -6RII' N.JM-
30=C BER OF FC'IJRTH-WFICi!T LINES EVENLY SFICED BETWEEN)
S 0 -C (INTEGER) I 1EFAILT IS Ni; GRIT,)

~00C DsA - HORIZONTAL AmD VErTICAi A 'ES TIC MARK LENGTHS IN INCHES.
02 N1c D E[FAUJLT IS NO TIC MARKS)

e630
)40 f, OAFOF HORIZONTAL ANT) VERTICAi. AXF5 MINIMUM VALUES.

0 oC (DEFAULT IS NO AXES NOURRS

6~70=C OAIY HORIOTAL AND 1VERTICAL A4ES NUMBER INTEFVAL,
980= C BI TIFFAULT IS NO' AXES NMERS

)O Cst NCMELIST SINP))T

02C NAMLIST ITEMS (ANY ORDIERY OMISSIONS ALLOWED)
30r C A~ SEPARATE N,)MELST SINFUT FOR EACH VARIABLE TO Kt CONTOURED)
40=C
750 ITEM

0 CDFNSITY' - DENSIT;

790=C ENERGY' - ENERGf
800=C
',10:C PRESSURE - DIFFERENCE FRON HYDROSTATIC PRESSURE

* 820-C
O30C TEMPERAT' - TEMPERATIURE
840=C
850=C NUN - WJBER OF CONTOURS FOR THIS VARIABLE. (INTEGER) (1

To IV 1.w 70 ,w !w V_ -w w _

- - - - - - - - - -* --- -



860=C
8704 UNIT; (DFAULT 15 METRIC)

-. S90 - FOUNDjS;CjFIC FOOT .-iENSIT:
*K '- SLUGS/CJBIf QCT

'c' f.R~iS/CUBI. ENINTE
70rf FT-LBF - FOOT FOjNkDS ........ ENEF:Gy

40-t FTLkb - FTC'J FOUNEIAL8
0, 0=c S - BsTU

* '04- "ALORIES
0,=cE~c -ERics

980=C SCLt - KII.OCALORIE5

100= 0 kiTT mls5

020=C N-M ATOCSNERES ...... PRESSUIRE
* 1034 FS PGQ'JS/SQ fLl,4E INCH

FSF2 FlwuNDjc-S0V'iE FOOT

,070=CF HR rI

n oo-c RLLti~ K isLES
* I1004

,120=C*S IF LMS THAN FOR VARIABLES ARE COOTOUREC'r FOLLOW THE COOTOUR
* H0=U NANELISTS WITH AM $SNFUT HAMELIi C, NTi-ImNG ONLY ITEM='EOD'

1;40=c

*11704~ TIME STEPS ARE RFA~i UNFORMATTEt FROM UNtIT 11, AS WRITTEN BY COD'E 'WESSEL'.
1180=C
1190-C COORDINATE SYSTEM IS REA!, UNFORMATTD FRO UNIT 10, AS WRITTEN BY CODE 'WESCOR'.

B2
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J. APPENDIX C: VECTOR INPUT INSTRUCTIONS

VECTOR Input Instructions

0 is u~z:~z~u~is:**V E C T 0 R **;u~~~:*u~s*::

i6O= VECTOR PLOT CODE - ISSISSIPPI STA~TE UNIVERSITY .1982 L

80=O U.S. ARMY ENGINEER WATERWAYS EkXPERIMENT STATION
190=C VICKSBUR, MISSISSIPPI

:30-C SOLUTION IS READ UNFORMATTED FROM UNIT lit AS WINITTEN BY C3DE 'WESSEL'
-40 t.
!0=C COORDINA1TE SYSTEM IS READi UAFCORMATTED1 FROM UNIT 10i AS WRITTEN BY CODE 'WESCOR'

.60-C
~~~o8~ -HER** **Ig*::;::::* Flu IG POIN:T

Qo-C ImPUT : (UANTITIES NOT INDICATED 01 a-IS AE FhAIG ON.

7710-P;* NAMELIST SPARAM:

0 =C NAfiELIST ITEMS (AfiY ORDERY OMISSIONS ALLOWED)
.40-C (DEFAULT VALUES IN PiiRENTNESES AT END)
350C

30=1 NSTIS - TOTAL NUMBER OF STEPS TO BE PLOTTD ITGER)(
O=C

10=I' N.-I NUNmiER OF XI INDICES TO BE SCANNED. (INTEGER)
-'?O=C(DEFAULT IS ALL)

410=C #ETA - NumBER OF ETA INDICES TO BE SCAkd.ED, (INTEOERI
&20=C DEFAULT IS ALI.)

* +30---
440:7C NSKXI - SKIP INTERVAL FOR X14 (INTEGER) (1)
450-C 1l SCARS EVERY LINEf 2 EVERY SECOND LiNEt ETC.)

*470:-C 45KET SKIP INTERI, AL FOR ETA, (INTEGE-R) (4)
4804 I'SEE NSKXI)

00=U SIZE -PLOT SIZE Ik Y-DIRECTION IN INCHES. (8.)

!0=C SIZRAT -RATIO OF Pi.OT LENCTA IN X-DIRECTION TO SIZE# (1.)

S40=C AB ARROWHEAD ANGLE IN DEGREES. (20.) ~

!6=E AD -ARROWHEAD' LENGTH IN ThCHES. (0.0875)
Sf704CT SAEFCO ,FATO FSIEPRUI VLCT.(.

1904C
acloXrI V04AX - PLOT LIMITS IN X DIRECTION.

6 1 0-C (DEFAULT IS ALL)

--0C YMINYMAX -PLOT LINuTS IN Y DIRECTION.
6i40=C (DEFAULT IS ALL)
60-C

Cl
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APPENDIX D: SAMPLE RUNSTREAMS

WESSEL

- -00100 /JOB
* -00110 tJLQXXX(T500qCM5OOP02qSTCAl)

00120 USER(XXXXXXPXXXXXX)
00130 ** XWESSEL
00150 FETCI(DN=$BLDGDN=ORSBWSLPUN=XXXXXXPDS-CI)
00160 FETCH(DN=FT1O~cJDN=RSBCDp0DS=CI)
00170 LDR(MAP=FULLvE=1)
00180 EXIT(U)
00190 COST(LO=F)
00200 EXIT(U)
00230 STORE(DN=FT11,6DN=RSBDT6UN=XXXXXXPbS=CI)
00240 EXIT(U)
00250 STORE(DN=FT12,GDN=RSBSUiL6,UN=XXXXXXPDS=CI)
00260 EXIT(U)
00270 LOGFILE(L=WESLDAY)
00290 STORE(DN=WESLDAYPUN=XXXXXXDS=FFDT=C)
00281 /EOR
00290 E$BEGIN START='INITIAL'
00300 E$PARAM STEPS=500 9TIMORD=2 p PAfRCON='YES' v I'lL RS*5,0 p
00310 UTOL=:1.0E-4 vVTOL-=1.0E-4 vPrUL.--l.-4 pTTUL=1.OE-6 v
00312 STRAT='NONE' t FLUW='INOUT'r DELI-5.0
00321 CONVEC='UPWIND'p ENEREU='YES'r BOUNAC-1.0 v
00320 PUNITS='ATM' 9 TUNITS='F' 9RITEXT='YLS' pRITOUT='YES'
00330 STORir=500 v STOINT=500 v MAP(1)='TYFiE'r RITINT='YES'p
00330 RITERR='YES' p PRESAC=0.88 p FLOL4AL='NO ' p MAP0U*I='YES' $
00340 ESINPUT ITEM='BOUND' $
00340 ESINPUT ITEM='SLIP' v I1=2 9 J1=13 v12=16 v J2=13 $
00340 ESINPUT ITEM='OUrLET' r 11=17 v J1=J r12=11 J2=3 $
00370 E$INPUT ITEMt='END' $
00380 E$INPUT ITEM='GENERAL'
00390 ESINPUT ITEM='WIDTH' 9 VALUE=3.0 vUNITS='FLLI' $
00400 ESINPUT ITEM='VELX' r VALUEO0.0 vUNI'TS='FPS' $
00400 E$INPUT XTEM='VELY' , VALUEO0.0 v UNITS='FPS' $
00410 E$INPUT ITEM='TEMP' t VALUE=7O.6 r UNITS='F'$
00421 ESINPUT ITEM='COaRD' v UNXTS='FEET' $
00430 E$INPUT ITEMt='END' $
00440 E$INPUT ITEM='SECTiaN' $
00465 E$INPUT ITEM='TEMP' r Il1=1 r JI=2 r 12=1 v J2r-6
00465 VALUES = 6*62.0 9 UNITS='F' $
00481 E$INPUT ITEM='WIDTH' r I=1 9 J1=1 v 12=1 t J2=13v
00481 VALUES = 13*1.0 9UNITS='FEET' $

*00481 E$INPUT ITEM='WIDTH' 9 I1=2 9 J1=l , 12-:2 r J2-13 v
00481 VALUES = 13*1.5 rUNITS='FEET' $
00481 E$INPUT ITEM='WIDTH' r I1=3 v J1-1 v12=3 rJ2rl13p
00481 VALUES = 13*2.0 9 UNITS='FEET' $
00481 ESINPUT ITEM='WIDTH' r 11-4 9 J1=1 12=4 vJ2=13
00481 VALUES = 13*2.5 v UNITS='FEET' $
00481 E$INPUT IfEM='WIDTH' 9 I1=5 r J1*--l 12:z J2=13p
00481 VALUES - 13*3.0 v UNITS='FEET' $
00481 E$INPUT ITEM='VELX' r 11=1 p J1=2 r I2=1 r J2=7
00481 VALUES = 6*0.0446 t UNITS='FPS' $
00481 ESINPUT ITEM='VELX' r 11=2 r J1-"2 9 12=2 9 J2-13
00481 VALUES = 12*0.0149 p UNITS='FPS' $
00481 ESINPUT ITEM='VELX' t I1':3 p J1=~2 9 12=3 p J2%13v
00481 VALUES a 12*0.0112 t UNITSw'FPS' $
00481 E$INPUT ITEM='VELX' # 11=4 p J1=:2 9 12=4 p J2-:13r
00481 VALUES - 12*0.0089 1 UNITS='FPS' $
00481 ESINPUT ITEM='VELX' t 11-5 v J1=2 p 12=5 p J 2:r13
00481 VALUES =12*0.0074 v UNITS='FPS' $
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00481 E$INPur ITEM='VELX' *11=6 9 J1=2 *12=6 J2zl3
00481 VALUES x 12*0.0064 9 UNITS='FPS' $

*00481 ESINPUT ITEM='VELX' r11=7 rJ1=2 v 12=7 ,J2=13t

00481 VALUES = 12*0.0056 9UNITS='FPS'
00481 E$INPUT ITEM='VELX' v 11=8 r J1=2 v 12=8 ,J2=13v

00481 VALUES = 12*0.0050 v UNITS-'FPS'
00491 ESINPUT ITEM='VELX' v 11-9 9J1=2 r 12=9 *J2=13
00491 VALUES - 12*0.0045 p UNITS='FPS'
00481 ESINPUT ITEM='VELX' r 11=10 v J1=2 v 12=10 ,J2=13

*00491 VALUES - 12*0.0041 t UNITS='FPS' $
00481 ESINPUT ITEM='VELX' r I1=11 vJ1=2 r 12=zll J2=13p
00481 VALUES = 12*0.0037 r UNITSz'FPS' $
00481 E$INPUT ITEM='VELX' v I1=12 t J1=2 r 12=12 ,J2=13
00481 VALUES z 12*0.0034 P UNITS='FPS'
00481 ESINPUT ITEM='VELX' I 1=13 *J1=2 12=13 ,J2=13

00481 VALUES - 12*0.0032 'UNXTS='FPS' 6
*00481 ESINPUT ITEfl='VELX' 9 11=14 ,J1=2 v12=14 v J2=13

00481 VALUES = 12*0.0030 *UNITS='FPS' $
00481 ESIMPUT ITEM-=VELX' v 11=15 r J1=2 v 12-15 p J2=13
00481 .VALUES = 12*0.0026 t UNITS='FPS' $

*00491 ESINPUT ITEM='VELX' P I1=16 9 J1=2 9 I2=16 v J2=13
00481 VALUES = 12*0.0026 r UNITS-'FPS' $
00481 ESINPUT ITEM='VELX' * I1=17 p Jlw3 r 12=17 rJ2=3

*00481 VALUES = 0.0297 *UNITS='FPS' $
00510 E$INPUT ITEW=END'
00520 /EOR
00530 /EOF

VECTOR

*00100 /JOB
00110 MJLQXXX(T20#Cfl300,P02,STCAl)
00120 USER(XXXXXXPXXXXXX)
00130 *** XVECTOR p
00140 FETCH(DN=SDLDGDN=OVECTORUN=XXXXXX*DS-CI)
00150 FETCH(DN=FT1OPGDN=RSBCDOvDS=CI)
00160 FETCH(DN=FTI1,GDN=RSDSOL6,DS=CI) *

00170 ACCESS(DNaCCLIBPUN=EKSAPP)
00190 ASSIGN(DN=TAPEO3,A-FT03)
00190 LDR(LIBzCCLIDMAPFULLE1l)
00200 EXIT(U)
00210 COST(LO=F)
00220 EXIT(CU)
00250 STORE(DN=TAPEO3,DNTAPE03,UN-XXXXXXDSFFDTmC)
00260 EXIT(U)
00270 LOOFILE(L=VPLTDAY)
00280 STORE(DN=VPLTDAYUN-XXXXXXDSUFPvDT=C)
00290 /EOR
00300 ESPARAM NSTEPS1l v S2=0.1 SI5ZEw3.O P SIZRATz2*57
00320 /EOF
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CONTUR

00100 /JOB
00110 MJLQXXX(T20PCM300PP02PSTCAI)
00120 USER(X-XXXXXvXXXXXX)
00130 ** XCONTUR
00140 FETCH(DN=S3LDGL'N=C0NTURPUN=XXXXXXDS=CI)
00150 FETCH(DN=FT10,P3DN=RSBCD,DSi2I)
00160 FETCH(DN=FTI1,G['N=RSBS0L69DS=CI)
00170 ACCESS(DN=CCLIBUN=EKSAP')
00180 ASSIGN(EN=TAPE02PA=FT02)
00190 LDR(LIB=CCLIDMAP=FULLrE=1)
00200 EXIT(U)
00210 COST(LO=F)
00220 EXIT(U)
00250 STORE(L'N=TAPEO2,GDN=TAPEO2,UN=XXXXXXiDS=FFLT- C)
00260 EXIT(U)
00270 LOGFILE(L=CPLTDAY)
00280 STORE(IN=CPLTDAYPUN=XXXXXXDS=FFDT=C)

L00290 /EOR900300 E$PARAM NSTEPS=l SIZE=3.0 PSIZRAT=2.5*7 $
00360 E$INPUT ITEW=TEMPERAT' PNUM=27 v UNITS='F'P
00370 VALUES= 60.0 v 60.5 P 61,0 p 61.5 r 62.0 v 62.5 v 63.0 963.5p
00370 64.0 F 64.5 p 65.0 p 65.5 r 66.0 r 66.5 r 67.0 p 67.5v
00370 68.0 p 6~8*5 969.0 v69.5 v70.0 p 70.5 v 71.0 p 71.5
00370 72.0 9 '2.5 r73.0
00400 E$INPUT ITEM ' ENDI' $
00420 /EOF
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APPENDIX E: NOTATION

B lateral width

D mass residual

e internal (thermal) energy per unit mass

f arbitrary function

"g components of gravity vector

J xy n - xnyE

n superscript indicating time-step number

p pressure

PH hydrostatic pressure

Po reference pressure

q components of heat flux vector

T temperature

t time

u components of fluid velocity

u fluid velocity vector

u,v x- and y-components of u , respectively

u,v fluxes of u through surfaces of constant E and constant

n , respectively

xy cartesian coordinates

2 2
a x2+ y

S x + yy

V gradient operator

El
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^b w - - 11 1 W~4j L p.: 7J 'V- V-.--.-. Y -I

V laplacian operator

A incremental operator

11 dynamic viscosity

K thermal conductivity

p density

SS

P0  reference density'V0

a ij components of stress tensor

components of shear stress tensor

* - ~.n curvilinear coordinates

w acceleration parameter

.47.



FILMED

12-85

-~ DTIC


